Studies examining adaptation to thermoregulatory challenges have shown that tolerance to hypothermia is mediated, in part, by associative (Pavlovian) learning mechanisms. This study examined whether acquired tolerance to deep body cooling (hypothermia) could be extinguished by conditions in which presentations of the environmental cues were presented in the absence of hypothermia treatment. The results of Experiment 1 indicate that five extinction exposures in which the context was presented alone were not sufficient to extinguish established hypothermia tolerance in rats . Experiment 2 demonstrated that tripling the number of daily extinction exposures from 5 to 15 also did not disrupt adaptation to cold, and further demonstrated that the presentation of a challenge condition (heat exposure) over the 15-day extinction phase of the experiment had no effect on established cold tolerance. Furthermore, Experiment 2 confirmed associative control of tolerance by demonstrating a context shift effect in resistance to cold. The lack of an extinction effect in these two experiments suggests that the environmental context may be acting as an occasion setter.
traditional pharmacological view of tolerance, as the traditional view would suggest that a change in context should have little effect on established tolerance.
One interpretation of the role of contextual cues in drug tolerance is based on a Pavlovian conditioning model (Siegel, 1975 (Siegel, , 1977 (Siegel, , 1989 . According to this view, the environmental cues present at the time of drug administration serve as the conditioned stimulus (CS) , and the systemic effects of the drug act as the unconditioned stimulus (US). Thus, tolerance develops when an association between the CS and the US is formed. That is, in order for tolerance to develop, the subject must have a consistent set of contextual cues that are associated with administration of the drug. Importantly, conditional responses to the context are considered to be in a direction that is opposite to the unconditional effects of the drug. With repeated context-drug pairings, these conditioned compensatory responses (CCR) grow stronger, and the net effect of the drug should decrease. Tolerance reflects, therefore, the acquisition of a CCR that opposes the unconditioned drug effect.
If tolerance is associatively controlled, then repeated presentations of the CS in the absence of the US should result in extinction of the CCR, and consequently, a loss of tolerance. This is exactly what was demonstrated in an experiment using a morphine tolerance paradigm (Siegel, Sherman, & Mitchell, 1980) . After first establishing analgesic tolerance to morphine in rats by administering daily drug injections in one distinctive environment, repeated placebo (saline) injections were administered in place of morphine in the drug-associated environment. This manipulation successfully extinguished tolerance to morphine, as rats that received saline injections during extinction demonstrated a significant attenuation of tolerance compared to control animals.
Several recent reports have begun to extend the Pavlovian conditioning model of drug tolerance to other forms of homeostatic challenges or stressors (Kissinger & Riccio, 1995; Poulos & Cappell, 1991; Riccio, MacArdy, & Kissinger, 1991) , and one such challenge involves the thermoregulatory system. It has long been known that organisms develop adaptation (i.e., tolerance) to extreme environmental temperatures (Fregley, 1953; Riccio & Campbell, 1966) . In one study, rats receiving brief daily exposures to cold water developed adaptation within a week, as measured by their ability to maintain significantly warmer body temperatures (Riccio & Campbell, 1966) . Although this type of adaptation has long been considered to be a manifestation of automatic physiological adjustments, more recent investigations have obtained evidence implicating associative processes as well. For example, Riccio et al. (1991) found that rats made tolerant to a series of daily acute exposures to cold water showed a substantial loss of tolerance when tested in the presence of altered contextual stimuli. Subsequent experiments, which replicated and extended this finding by examining the relative importance of proximal and distal aspects of context, also showed that the disruption of adaptation was not based on novelty of the test context (Kissinger & Riccio, 1995) . Furthermore, using a different strategy, one experiment in this study demonstrated that the development of cold adaptation was retarded when the contextual cues were changed for each daily cold exposure, as would be predicted from the associative model. These various findings parallel those reported for pharmacological agents and suggest that Pavlovian learning mechanisms contribute to, at least some forms of, thermoregulatory adaptation. Accordingly, one might also expect that cold tolerance would be diminished by an extinction treatment. Therefore, we hypothesized that repeated presentations of the context in the absence of hypothermia treatment would disrupt previously established cold adaptation.
Experiment 1
This experiment examined the effect of presenting the contextual cues associated with deep body cooling in the absence of hypothermia treatment to rats that had acquired cold adaptation. If resistance to hypothermia and drug tolerance are analogous phenomena, tolerance to hypothermia should be disrupted by this manipulation.
Method Subjects
Thirty male Long-Evans rats between 90-120 days old served as subjects. They were housed individually in hanging wire mesh cages in a colony room that was maintained on a 15:09 lightdark cycle, and all experimental manipulation took place during the light cycle. Throughout the experiment, food and water were available upon demand.
Apparatus
A Model 2095 Forma Temp Jr. water bath (Forma Scientific, Inc., Marietta, OH) maintained at 4-5 °C was used to lower subjects' body temperatures. In addition, two other identical tanks were used; one of these was maintained at approximately 37°C and the other tank was empty. Clear, Plexiglas tubes were used to restrain subjects during water immersion, and all tubes were equipped with numerous holes to allow for water circulation. Additionally, colonic temperatures were measured by a digital thermometer (Fisher Scientific, Pittsburgh, PA).
Procedure
All subjects were handled for 4 minutes each day, 2 days prior to experimental manipulation. On tolerance acquisition Days 1-5, the rats were adapted to the cold by partial immersion (up to the neck) in the 4-5 °C water. The duration of exposure was obtained for each individual animal based on the time required to lower each subject's colonic temperature to 21 ±1 °C on the first day of cold exposure. Thus, all animals had their body temperatures lowered to approximately the same temperature on Day 1, and were immersed for a constant duration for Days 1-5.
During Days 6-10 the animals were randomly assigned to three groups, the extinction-dry (EXT-DRY) condition, the extinction-wet (EXT-WET) condition, and the rest (REST) condition. The EXT-DRY animals were exposed to the environment in the absence of the cold water by placing them in the restraining tube suspended into an empty tank for their normal immersion duration. Animals in the EXT-WET condition were restrained in the clear tube and immersed into 37°C water for 1 min and were then dried thoroughly with paper towels. This group was to control for the possibility that the experience of wetness is part of the saliency of the treatment, and the 37°C water was utilized as it is rats' normal body temperature and was not cold enough to induce hypothermia with a 1-min exposure. The REST animals, which served as a control for the retention of tolerance, did not receive exposure to the context during these days but were handled for 5 min each day.
To examine the effects of the extinction manipulation, all animals were tested on Day 11. On the test day, all animals again received the context-cold water pairing. Each animal was restrained in the clear tube and exposed to cold water for the same duration used during adaptation training. Following the exposure, body temperatures were recorded and the animals were returned to their home cages.
Results and Discussion
As can be seen in Figure 1 , the development of cold tolerance did not differ among the three conditions. Furthermore, tolerance was not reduced by repeated exposures to the context, as is shown on the test day in Figure 1 . These impressions were supported by an ANOVA which confirmed a significant tolerance to cold exposures [F(4, 116) = 57.87, P < .01]. Thus, rats that received the daily cold exposures on Days 1-5 demonstrated adaptation to the cold, as reflected in a less severe hypothermia as a function of repeated cold exposures. Repeated measures t tests for within-group comparisons revealed that the body temperatures of animals in the REST (t = .657, p> .10) and EXT-WET (t = 1.01, P >.10) conditions on Day 11 did not differ from those of Day 5. Unexpectedly, however, the body temperatures of the rats in the EXT-DRY group on the test day were marginally higher than those on the last day of tolerance acquisition (t = 2.03, P = .07). Furthermore, independent groups t tests revealed that the only significant difference between groups on the test day was between the EXT-DRY and REST conditions (t = 2.55, P < .05), a result in the opposite direction of what was hypothesized. These data indicate that, as expected, the animals allowed to rest on Days 6-10 did not demonstrate a loss of tolerance; consistent with the literature on drug tolerance, adaptation was well retained over a several day interval (e.g., Siegel et al.,1980) . However, there was no evidence that either extinction condition reduced tolerance at the time of testing.
One obvious possibility is that the extinction phase was not long enough to weaken the developed cold tolerance. The number of extinction exposures is an important factor, and this has been demonstrated in studies of morphine tolerance. For example, one experiment reported a failure to extinguish tolerance to morphine in rats with the administration of placebo injections after tolerance acquisition (Sherman , 1979) ; however, a subsequent study utilized the same parameters but extended the extinction phase and successfully demonstrated an extinction of adaptation to morphine (Siegel et aI., 1980) . Although there is no way to equate extinction "trials" in cold tolerance with "placebo" exposures in drug tolerance, the results of the present experiment may parallel other experiments (Siegel et aI., 1980) in that the number of extinction sessions was not sufficient to extinguish tolerance to hypothermia.
Experiment 2
If the negative results of Experiment 1 were simply caused by administering too few extinction trials to subjects, then lengthening the extinction phase should be more effective. Therefore, in this experiment the number of extinction treatments was tripled (from 5 to 15 days) in an attempt to weaken hypothermia adaptation in tolerant subjects.
An additional issue in extinction of tolerance is suggested by the homeostatic model of drug tolerance (Poulos & Cappell, 1991) , an analysis which indicates that challenge procedures must be utilized to extinguish tolerance. The homeostatic model hypothesizes that extinction of tolerance involves a process opposite to that of tolerance acquisition. Accordingly, mere absence of the stressor (cold water, in this case) during the extinction trials would not be sufficient to induce extinction of associative tolerance to that stressor. According to the homeostatic model of drug tolerance, to eliminate associatively controlled tolerance, a counteradaptation that is in the direction opposite to the effect of the training stressor must be conditioned to the predictive cues. Therefore, instead of using an extinction exposure in which subjects were restrained in an empty cooling tank or administered a 1-min dunking in 37°C water, in Experiment 2 we gave subjects 15 daily extinction exposures to a heat challenge by dunking them in 42 °C water for their normal immersion duration. If the mere absence of the stressor during the extinction phase is not sufficient to induce extinction of associatively controlled tolerance, this challenge manipulation may provide a more effective method for weakening tolerance.
Another possibility for the negative results of Experiment 1 was that the environmental context was serving as an occasion setter, and the perception of "coldness" induced by the immersion is acting as the nominal CS. If the perception of cold water itself is serving as the CS (and the reduction in body temperature is acting as the US) then brief cold stimulation without inducing hypothermia might extinguish tolerance. Therefore, we attempted to test this possibility by administering a brief cold dunking to one group of subjects over the 15-day extinction phase of the experiment. In another group, the brief cold stimulation was coupled with the heat challenge in an effort to extinguish adaptation to cold in our subjects. Because negative results might also be obtained if the tolerance to cold was not under associative control in these experiments, it seemed prudent to include a "manipulation check." Accordingly, on the day following the test for tolerance retention, rats in this experiment were administered a cold dunking in an altered context. If cold tolerance is associatively controlled, a disruptive effect of the dunking in the shifted context should be observed.
Method Subjects
Twenty-six male Sprague-Dawley rats that ranged between 100-120 days old at the beginning of the experiment served as subjects. They were housed and maintained in conditions similar to that described earlier. Food and water were available upon demand, and all experimental manipulations took place during the light cycle.
Apparatus
Two 2095 Forma Temp Jr. water baths (Forma Scientific Inc., Marietta, OH) were used in this experiment and colonic temperatures were recorded with a digital thermometer (Fisher Scientific, Pittsburgh, PA). Additionally, subjects were immersed in white restraining tubes for hypothermia and extinction exposures.
Procedure
The procedure for tolerance acquisition was similar to that of Experiment 1. Subjects were first handled for 2-3 minutes for 2 days prior to experimental manipulation. All rats then received four daily 8-min exposures to 3-4 °C water in order to establish adaptation to the cold. Following tolerance acquisition, the subjects were divided into three groups. A control group (REST) was left undisturbed in the home cage except for daily handling during the 15-day extinction phase. A second group (COLD) was administered a 30-sec dunk in the 3-4 °C water for each of the 15 extinction days. Following removal from the water bath, these subjects had their colonic temperatures recorded to the nearest tenth of a degree and were then returned to the colony room in their home cages. A third group (COLD/HEAT) was given a 30-sec cold dunking identical to that of the COLD group during the 15-day extinction phase; however, upon removal from the cold water they were immediately immersed for an 8-min period in a different cooling tank that was filled with 42°C water. After the rats were removed from the heated water, their temperatures were recorded and they were immediately returned to the colony room.
On Day 20 of the experiment all animals were tested for retention of adaptation to the cold water. Just as in the tolerance acquisition phase, all subjects were subjected to immersion in 3-4 °C water for a period of 8 min. Upon removal from the water bath, the rats' colonic body temperatures were recorded to the nearest tenth of a degree and they were returned to the colony room.
The day following the test for tolerance retention (Day 21) all rats were tested for associative control of cold tolerance by administering the 8-min cold exposures in a shifted context. This context differed from the tolerance acquisition context in size, illumination, odor, and proximity to the animal colony. The shifted context was a smaller room located off of the animal colony, illuminated by a 15-W light bulb, and contained a lemon scent. Following removal from the water bath in the shifted context, all subjects colonic body temperatures were recorded and they were then returned to their home cages.
Results and Discussion
The data for two rats that failed to demonstrate tolerance to the cold exposures (as determined by a lack of an increase of at least one positive degree change in body temperature) and five animals that died were removed from the analysis. Figure 2 presents the mean colonic temperatures for tolerance acquisition Days 1 and 4, temperatures on the test day for retention of tolerance, and temperatures for the test for associative control of cold tolerance. On the first day of extinction exposure subjects body temperatures averaged 38.2 °C in the COLD/HEAT group, while subjects temperatures in COLD group averaged 36.9 DC. This demonstrates that the heat challenge used in the present experiment was sufficient to raise the rats body temperatures above their normal temperatures (approximately 37.0 DC) during the extinction phase.
Mean Temperature (C) An ANOVA computed on body temperatures for Days 1-4 of tolerance acquisition confirmed that rats subjected to cold water demonstrated a significant adaptation to cold exposure [F(3, 48) = 22.78, P < .01]. That is, less hypothermia was observed with each successive cold exposure during the tolerance acquisition phase of the experiment. As was seen in Experiment 1, rats in the REST group did not lose their adaptation to cold as a result of no treatment, their temperatures on the test day were still significantly higher than their temperatures on the first day of tolerance acquisition (t = 5.18, P < .05). As was also demonstrated in the previous experiment, rats that were given the extinction treatment still demonstrated significant adaptation to cold exposures. Subjects in both the COLD/HEAT (t = 3.52, P < .05) and the COLD (t = 2.92, P < .05) groups demonstrated reliably higher temperatures on the test day than on the first day of cold exposure. Furthermore, no differences were found among three groups on the test day following the final extinction exposure (p> .05).
Data obtained from the shift day confirmed that the tolerance to cold in these subjects was under associative control, as the rats' body temperatures on the shift day were lower than their temperatures on the day they were tested for retention of tolerance. Both the REST (t = 3.65, P < .05) and the COLD/HEAT (t = 2.50, P < .05) groups demonstrated reliably lower body temperatures as a result of the shift in context, whereas the COLD group demonstrated temperatures that were marginally lower than their temperatures on the test day (t = 2.13, P < .10). These results from the context shift test indicate that the failure to extinguish cold adaptation in the COLD/HEAT and the COLD groups was not attributable to a lack of associative control over the tolerance.
General Discussion
The findings from these experiments provide no evidence for the extinction of contextual control of cold adaptation. In Experiment 1, five presentations of contextual stimuli in the absence of the cold treatment failed to reduce tolerance. The two extinction conditions involved either restraint in an empty cooling tank or restraint with exposure to "neutral" water temperature. In Experiment 2, despite tripling the number of extinction exposures and including a homeostatic counter-challenge of immersion in warm water, cold adaptation remained intact. Experiment 2 also attempted to test whether the context was serving as an occasion setter and the perception of cold water was acting as the nominal CS. In this experiment, administering brief dunkings in cold water, or giving a brief dunking in cold water in conjunction with a heat challenge over a 15-day period did not disrupt previously established tolerance to hypothermia. Furthermore, in Experiment 2, a shift in contextual stimuli following the test for retention of tolerance resulted in a disruption of adaptation to the cold, confirming that the tolerance seen in these subjects was associatively controlled. Although Experiment 1 did not explicitly include a context shift condition, it was carried out concurrently with other experiments demonstrating the influence of contextual cues in development of cold adaptation (Kissinger & Riccio, 1995) .
In short, in two experiments in which the context was presented in the absence of hypothermia, we obtained no significant weakening of established thermoregulatory tolerance. One plausible explanation would be that the number of extinction exposures was not sufficient to disrupt cold adaptation. However, tripling the number of exposures during extinction from 5 to 15 still failed to produce a reliable indication of a loss of thermoregulatory tolerance. While these negative results do not permit us to conclude that extinction of this form of tolerance cannot be achieved, it seems clear that such an effect does not come easily.
One interpretation of these negative results is that the environmental cues may be serving as an "occasion setter," and this view is consistent with the data we obtained in both experiments. As the term implies, occasion setters are stimuli that indicate when a CS will be accompanied by a US, and thus indirectly govern the occurrence of a Pavlovian CR. Occasion setters have properties quite different from a CS (for a recent review of the occasion setter literature, see Swartzentruber, 1995) . Of particular relevance here is the finding that repeated exposures to the occasion setter does not weaken its value as an enabling stimulus (Holland, 1989; Rescorla, 1986) . In short, occasion setters do not extinguish when presented a/one, an outcome consistent with our data.
The occasion setting interpretation is further supported by recent findings by Ramos, Bueno, and Siegel (1996) which suggest that occasion setting may mediate associatively controlled forms of drug tolerance. In an experiment investigating the development of tolerance to ethanol-induced hypothermia, Ramos et al. (1996) presented rats with physical and contextual cues prior to ethanol administration, and observed the development of tolerance to the drug. However, extinction of tolerance was impaired when the predictive cues were presented serially, suggesting that in this arrangement subjects utilized occasion setting strategies in the development of this form of tolerance. Because in our experiments exposure to the distal contextual cues necessarily preceded the restraint and cold exposure, the serial order of events may have given the context an occasion setting role. Although this interpretation is ad hoc, it is consistent with the findings of Ramos et al. (1996) with ethanol tolerance.
If ambient cues are serving as an occasion setter in this paradigm, how might one extinguish responding (i.e., tolerance)? Previous research has demonstrated that the effectiveness of an occasion setter is diminished if it is presented in conjunction with the nonreinforced CS (Rescorla, 1986) . That is, presentations of the occasion setter with an inhibitory stimulus weaken the occasion setters' predictive value, whereas presentations of the occasion setter by itself do not diminish its properties (Holland, 1989; Rescorla, 1986) . One problem with this interpretation, however, is determining what is serving as the nominal CS in this paradigm, if the context is acting as an occasion setter. In an effort to resolve this dilemma, in Experiment 2 we examined whether the initial perception of cold water was acting as the CS, while the subsequent reduction of body temperature was serving as the US. We introduced brief exposures (30 sec) to cold water in an attempt to provide some of the sensory properties that might constitute the CS without inducing hypothermia (US). Nevertheless, no extinction of adaptation to hypothermia was observed. Whether other cold exposure durations might have acted as a CS, of course, remains undetermined.
In these two experiments, we tried to broaden the generalizability of the findings by slightly altering the methodological conditions in which the experiments were conducted. These changes included using different strains of rats, a different number of tolerance sessions, slightly different temperatures of the water bath, different types of restraining tubes, and changes in the initial level of hypothermia. Despite these alterations, subjects in both experiments demonstrated similar effects of tolerance acquisition sessions but no effect of extinction sessions, suggesting that these negative results are quite reliable. In this connection, however, we note that because of various constraints only male rats were used. Although we have no reason to expect sex differences in this phenomenon, several researchers have pointed out that empirical examination of the generalizability of an experimental outcome to both sexes is an important issue that is often overlooked in psychological research (Rabinowitz, Sechzer, & Denmark,1992; .
Finally, we recognize that despite the apparent similarities between drug and cold tolerance with respect to associative control, it is possible that somewhat different types of processes (i.e., mechanisms) are involved. This hypothesis is supported by evidence suggesting that tolerance to morphine can be extinguished when a similar number of tolerance acquisition and extinction sessions are utilized. In the Siegel et al. (1980) experiments reported earlier, successful extinction to the analgesic effects of morphine was accomplished with nine extinction sessions, after animals had become tolerant to the drug with three administrations of morphine prior to the extinction phase. While some investigations have examined the analgesic effects of drugs such as morphine, extinction (and the development) of morphine tolerance can also be seen with dependent measures other than that of analgesia. Siegel, Hinson, and Krank (1979) have reported tolerance development to the lethal effect of morphine administration with six drug injections, and they also demonstrated that this effect could be extinguished with 20 placebo injections after tolerance acquisition. Likewise, Fanselow and German (1982) demonstrated that rats became tolerant to morphine administration with five drug injections, and further they reported that extinction of the suppressing effect of morphine on locomotor activity was accomplished with 10 extinction (placebo) sessions. These reports support our contention that tolerance to drugs (e.g., morphine) may be different from tolerance to hypothermia, as we did not find an extinction of cold tolerance in this study despite using a similar number of tolerance acquisition and extinction sessions. If this is the case, then tolerance to cold exposures may not be susceptible to extinction in the same way as is tolerance to morphine or other drugs.
